£
In comparison with LSD, GGA's tend to improve total energies
[4], atomization energies [4-6], energy barriers and structural energy differences [7] [8] [9] . GGA's expand and soften bonds [6] , an effect that sometimes corrects [10] 
and thus in simple metals. A first-principles numerical GGA can be constructed [13] by starting from the second-order density-gradient expansion for the exchange-correlation hole surrounding the electron in a system of slowly varying density, then cutting off its spurious long-range parts to satisfy sum rules â on the exact hole. The Perdew-Wang 1991 (PW91) [14] functional is an analytic fit to this numerical GGA, designed ã to satisfy several further exact conditions [13] . 
I
are not seamlessly joined [15] , leading to spurious wiggles in the exchange-correlation potential [16] and large [16, 17] dimensionless õ density gradients, which can bedevil the construction of ä GGA-based electron-ion pseudopotentials [18] [19] [20] . (5) £ Although the numerical GGA correlation energy functional behaves properly [13] under Levy's uniform scaling to the high-density limit [21] , its analytic parametrization (PW91) £ does not [22] . (6) Because PW91 reduces to the second-order gradient expansion for density variations that are either slowly varying or ö small, it descibes the linear response of the density of a uniform electron gas less ÷ satisfactorily than does LSD [20, 23] . This last problem illustrates a fact which is often overlooked:
õ The semilocal form of Eq. (2) is too restrictive to reproduce all the known behaviors of the exact functional [13] . In contrast to the construction of the PW91 functional, ® which was designed to satisfy as many exact conditions as possible, the GGA presented here satisfies only ä those which are energetically significant. For example, in the pseudopotential theory of simple metals, the linear-response limit is physically important. On the other hand, recovery of the exact second-order gradient expansion in the slowly varying limit makes little difference to the energies of real systems. We solve the 6 problems 
á are fundamental constants. Although the derivation ã depends only on the most general features of the real-space construction [13] behind PW91, the resulting functional is close to numerical GGA.
We begin with the GGA for correlation in the form
where W is the local Seitz radius (
is the relative spin polarization, and o ¥ § is Â a dimensionless density gradient [13, 14] . Here
to Eq. (3), which are small for most purposes,
will be derived in later work. We construct the gradient
and also the coefficient © which emerges naturally from the numerical GGA [13] discussed earlier.
( 
, and (c) are satisfied by the simple ansatz 
, and
. The correlation energy for a two-electron ion of nuclear charge 
. To recover the correct uniform 
£
The exact exchange energy obeys the spin-scaling relationship
For the linear response of the spin-unpolarized uniform ® electron gas, i.e., for small density variations around the uniform density, LSD is an excellent approximation [23] to the exchange-correlation energy, while the gradient expansion is not [20] . To recover the LSD linear response, we must have (as
, the effective gradient coefficient for exchange, cancels that for correlation. (g)
The Lieb-Oxford bound [14] "
£ will be satisfied if the spin-polarized enhancement factor
gradually with Õ to a maximum value less than or equal to 2.273, i.e.,
satisfying Eqs. (12) and (13) [12] J. P. Perdew and Y. Wang, Phys. Rev. B 45 U ,
